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CHEMICAL RESEARCH IN AMERICA.* 


FRANCIS P. VENABLE. 


At the last meeting of the American Chemical Society, held 
in June at Buffalo, the secretary called for reports from vari- 
ous educational institutions as to the investigations then in 
progress in their laboratories. I was much struck by three 
things connected with these reports. The large number of 
institutions reporting, the wide field covered, analytical, inor- 
ganic, organic, physical, physiological, technical and the high 
grade of the work. These reports promise to be one of the 
most interesting features of future meetings, and the thought 
how meagre such details would have been a decade or so ago 
has led me to devote this presidential address to a discussion 
of the progress in chemical research in America. 

It is to be expected that a people, thinly scattered over a 
vast area of new and unbroken country, confronted with the 
problems and difficulties of a nation just emerging from its 
birth throes, would have little time to give to the arts and 
sciences, and yet the impetus from the wonderful discoveries 


*Presidential address delivered at the New Orleans Meeting of the 
American Chemical Society, December 80, 1905. 
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of Priestly, Scheele, and Cavendish and the splendid work of 
Lavoisier, with his revolutionary deductions, crossed the ocean 
and found its echoes in our wilderness. That Priestly, one of 
the greatest of these heroes of chemistry, should have been 
forced to flee from his native land and find refuge on these 
shores and should have continued his work here for a time 
brought the great movement nearer home to us. It is a pleas- 
ure to note the appreciation of his work shown by the offer of 
the chair of chemistry in the University of Pennsylvania, the 
first institution in this country to show an active interest in 
the development of chemical science, and the first one to have 
a distinct professor of chemistry in the person of the celebra- 
ted Dr. Benjamin Rush, whose appointment dated from 1769. 

This interest took active shape in the formation of the earl- 
iest known chemical societies. The Chemical Society of Phil- 
adelphia was ‘‘instituted” in 1792, forty-nine years before the 
founding of the London Chemical Society, the first one to be 
established in Europe. Its first president was Dr. James 
Woodhouse, professor of chemistry in the University of Penn- 
sylvania, and Priestly was one of the members. Probably the 
most important paper brought before it was one by Robert 
Hare on the ‘“‘Discovery of Means by which a Greater Con- 
centration of Heat Might Be Obtained for Chemical Purposes.” 
In this he announced his invention of the oxy-hydrogen blow- 
pipe—called by him the ‘‘hydrostatic blowpipe.” Hare was 
then only twenty years of age. Later he became professor of 
chemistry in the medical school of the University of Pennsyl- 
vania and had a distinguished career as an author and chem- 
ist. 

In 1811 there was founded by ‘‘a number of persons desir- 
ous of cultivating chemical science and promoting the state 
of philosophical inquiry” the Columbian Chemical Society of 
Philadelphia. The patron was Thomas Jefferson, the presi- 
dent was James Cutbush, professor of natural philosophy, 
chemistry, and mineralogy in St. John’s College, and the mem- 
bership seems to have been drawn from a wide area, as we 
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find among them Archibald Bruer, professor of mineralogy 
in Columbia College, New York; Thomas Cooper, afterwards 
professor of chemistry and president of South Carolina Col- 
lege; Edward Cutbush, professor of chemistry in Columbian 
University, Washington; de Butts, of the college of Maryland, 
Jackson, of Athens College, Ohio; MacLean, of Princeton; 
Silliman, of Yale; Troost, of Nashville, etc.; truly a national 
society and the first national society with a distinguished roll 
of foreign members. 

The Delaware Chemical and Geological Society was organ- 
ized in 1821. It was much more local in character and soon 
died for lack of support. 

The papers presented before these societies are largely dis- 
cussions of the discoveries or views of European chemists or 
are of a speculative character. Analyses are reported and 
methods of analysis devised, but synthetical research is lack- 
ing. Dr. Bolton, to whom I am indebted for the foregoing 
facts concerning the early American chemical societies (J. 
Am. Chem. Soc. xix. 716), suggests various reasons for the 
absence of research, but it seems to me that there is sufficient 
explanation in the necessity for devoting thought and strength 
to the development and building up of a new country and the 
small incentive to the search after truth for the truth’s sake. 

During the first quarter of the nineteenth century while 
European chemists were busied with atomic weight determi- 
nations, the testing of the law of multiple proportions, the 
extension of the list of elements and the multiplication of 
new compounds, the few American chemists who had access 
to laboratories were busied with the analysis of minerals and 
natural waters. It must be borne in mind that at this time 
there were no public laboratories either in this country or 
abroad to which students could readily findaccess. Universities 
did not provide laboratories fortheirstudents. Certain great 
teachers abroad, as Berzelius and Gay-Lussac had private lab- 
oratories but it was extremely difficult for a young worker to 
secure admission, The available equipment in this country 
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must have been meagre indeed. Even the illustration of 
chemical lectures by experiments was a rare thing. Liebig, 
in his antobiographic fragment, writes of the lectures which 
he heard in Paris in 1852. ‘*The experiments were a real de- 
light to me, for they spoke to me in a language which I under- 
stood and they united with the lectures in giving a definite 
connection to the mass of shapeless facts which lay mixed up 
in my head, without order and without arrangement.” It 
was Liebig himself whoa few years later at the University of 
Giessen opened to students -the first public laboratory for re- 
search in chemistry. 

In this country during the second and third quarters of the 
nineteenth century the American Journal of Science furnished 
an excellent medium for the publication of scientific papers. 
{stablished in 1816 by Benjamin Silliman at Yale University, 
it stood for fifty years almost alone for the upbuilding of sci- 
entific investigation in America and can boast ninety years of 
great usefulness. Without some such journal there is little 
encouragement for research. The scientific man finds a keen 
delight in the search of truth but he,also loves to impart his 
discoveries to others and to win the commendation of those 
who can understand and appreciate his work and there must 
be some arena upon which controversies can be fought out and 
truth winnowed from the chaff. The chemical contributions 
to the American Journal of Science have dealt largely with 
the analysis of minerals, meteorites, and waters. This was 
especially true of the first few decades. 

Schiffand Sentini (Annalen 228, 72) mention as the first work 
in pure chemistry in America the formation of a compound of 
arsenious acid with potassium iodide. This was described in 
the year 1830 by J. P. Emmett. He obtained the compound 
in the form of a white crystalline powder by adding potassium 
iodide to a very dilute solution of arsenious acid, or potassium 
arsenite exactly neutralized with acetic acid. Emmett was 
professor of chemistry in the University of Virginia from its 
foundations in 1825 to 1842,one of the band of brilliant men 
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brought over from England by Mr. Jefferson to aid in the up- 
building of his pet institution. With the exception of a few 
investigations by Robert Hare and the elder Silliman, which 
pertained rather to analytical, technical and mineralogical 
subjects, the communication of Emmett belongs to the earliest 
period of chemistry in North America. 

It will scarcely repay us to linger over the years from 1830 
to 1860. These were largely barren years. Not that chemi- 
cal research was altogether lacking, but it was rather a dim 
and uncertain light beside the shtning of such bright, partic- 
ular stars as Dumas, Thénard, and Marignac in France, Gra- 
ham in England, Stas in Belgium, and Wohler, Liebig, and 
Kekulé in Germany. 

One name stands out prominently during this period, con- 
spicuous not merely because of the paucity of the work done 
by others but because of the sterling character of his own 
work. This is the name of J. Lawrence Smith. According 
to the elder Silliman the first piece of elaborate work or fe- 
search in organic chemistry by an American was done by J. 
Lawrence Smith in 1842. Smith was a student of Emmett at 
the University of Virginia and a visit to Liebig’s laboratory 
at Giessen formed the turning point in his life. His first or- 
ganic research was entitled: ‘*The Composition of Products of 
Distillation of Spermaceti.” In this he first made known the 
composition of spermaceti and set aside the views of Chev- 
reul. 

Smith was later professor of chemistry in the University of 
Louisiana, then in the University of Virginia, and lastly in 
the University of Louisville where he furnished his private 
laboratory and did most of his work. He was an untiring 
worker and while much of his time was given to analyses of 
minerals and meteorites he was also a brilliant investigator. 
In analytical work we find him suggesting the use of potas- 
sium chromate for the separation of barium and strontium, 
and methods for the decomposition of silicates, especially the 
well known methods for the determination of alkalies. Only 
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once or twice did he touch again upon organic chemistry, the 
subject of his first research. He contributed some sixty or 
seventy papers up to 1870 and his total contributions number 
one hundred and forty-five. 

Besides the work of Lawrence Smith during this period 
some excellent work was done by Mallet at the University of 
Alabama, where he was professor of chemistry and chemist to 
the Geological Survey of Alabama. Here he made the first of 
that long and brilliant line of investigations upon the atomic 
weights—the first atomic weight work done in America. 
Following up the master work of Berzelius upon the constants, 
Dumas, Marignac and many others in Europe were busily en- 
gaged in making new determinations of them with all the ac- 
curacy possible from their improved apparatus and new 
methods. In his scantily furnished laboratory, Mallet, a pupil 
of Woéhler, gave himself, so far as his many other duties per- 
mitted, to this exacting work, completing in 1856 his determ- 
ination of the atomic weight of lithium from the chloride, and 
in 1859 the determination from the sulphate. 

While not coming strictly under the head of researches it 
may be mentioned that some interesting speculations as to 
chemical theories were proposed by Cooke of Harvard and 
Lea of Philadelphia in the fifties and we have Hinrichs’ 
remarkable deduction of the fundamental principle ef the 
periodic system that the properties of the chemical elements 
are functions of their atomic weights, drawn from the con- 
sideration of their spectra. The synoptical table of Gibbs 
of Charleston falls just beyond this period, but is interesting 
to all Americans as so closely paralleling the practically co- 
temporaneous work of Meyer and evidently independent of it. 

In this diagram, prepared for his classes in 1872, he made 
use of the spiral very much as was done by de Chancourtois, 
Meyer, and Mendeléeff, anticipating in a measure the work of 
Spring, Reynolds, and Crookes. Further he anticipated some 
of the geometrical work of Haughton, observing that no 
linear equation can be constructed to give more than rude ap- 
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proximations of the atomic weights, and that to construct 
curves, two points of inflection, or contrary curvature, must 
be given. These are the serpentine cubics afterwards worked 
out by Haughton. 

It is not a sufficient explanation of the barrenness of this 
period to say that laboratories and other facilities were poor. 
The absence of proper facilities had not proved a bar in the 
way of some of the greatest chemists of the century. The 
spirit of investigation was lacking in our colleges and few of 
the teachers had the necessary training for it. Very few in- 
deed were those who had received an inspiration by coming in 
contact with the great masters of the science. 

A few years after the close of the great civil war American 
students began flocking in large numbers to the German uni- 
versities. A great many of them studied chemistry under the 
masters of the science such as Wohler, Liebig, Fresenius, 
Kekulé, and.Hoffman. The best laboratories and the most 
enthusiastic teachers were then to be found in Germany. The 
marvellous development of organic chemistry offered a most 
attractive field of research. Very little attention was given 
to this branch of chemistry in America before 1872 and the 
facilities for investigations in organic chemistry were very 
limited. Such work as was done was still chiefly in the line 
of mineral analyses or simpler investigation among the inor- 
ganic salts. The most important work was the determina- 
tion of atomic weights and Americans may well be proud of 
their contribution to the knowledge of these constants, which 
can be worthily compared with those of any other nation. 
Cooke, Maliet, Clarke, Richards, Morley, Edgar F. Smith and 
others have been the leaders in this work, to which some of 
the best laboratories were largely given &p during the last 
quarter of the nineteenth century. 

The hundreds of young chemists, trained in the best meth- 
ods of the Germans and inspired by their contact with vigor- 
ous original thinkers, returning home, brought with them an 
enthusiasm and an impetus which has since placed American 
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research well to the front. Those who had this training in 
the first half of the nineteenth century were comparatively 
few in number but they were practically the only ones .who 
engaged in important investigations. Cooke, Mallet, Law- 
rence Smith, and Wolcott Gibbs all studied in German labor- 
atories. 

Aside from occasional scattered papers by a student here 
and there the first institution to send out annual reports of 
researches undertaken in its laboratory was the University of 
Virginia. These were regularly reported by Mallet in the 
London Chemical News beginning with the year 1862, and 
have continued for thirty-three years. In 1877 the Johns 
Hopkins University began its work and scientific research be- 
came an essential function of every true University. From 
that year we may date the building up of the graduate depart- 
ments of our larger, wealthier institutions and the setting into 
motion that immense force which is giving America its proper 
place among the learned nations of the world—a force which 
has made Germany what it is to-day. Looking back over the 
work accomplished it seems scarcely possible that this truly 
great event took place only a little more than twenty-five 
years ago. 

In 1879 this University gave to the growing body of Amer- 
ican chemists the first suitable journal for the publication of 
their researches. It is true the American Chemist, published 
by the Chandlers in New York, had made its appearance in 
1871, but it had failed tosecure the adherence and support of 
more than a small body of chemists and had too technical.a 
tendency for general support. It had already passed out of 
existence two years before the American Chemical Journal ap- 
peared. From th@beginning the distinguished editor of the 
latter journal, our former president, Ira Remsen, President of 
Johns Hopkins University, and fully worthy of all honors 
which he has received, set a high standard and for twenty-six 


years has maintained its excellence. 
It is difficult to overestimate the influence of such a journal 
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upon the development of research. At first the regular con- 
tributions came from a few laboratories only, notably the 
Johns Hopkins, Yale, Harvard, Pennsylvania, Virginia, and 
Cincinnati. Speedily the number grew until all parts of the 
country were represented and the valuable researches pub- 
lished placed the /ourna/ on a plane with the best in the old 
world. It has thus done more to secure recognition for Amer- 
ican research than any other one factor. 

There was a crying need, however, for a strong well-organ- 
ized chemical society. The memory of those early Philadel- 
phia societies has faded out. The only common meeting 
ground for chemists was furnished by the sub-section of chem- 
istry of the American Association for the Advancement of 
Science which did fiot rise, however, to the dignity of a section 
until 1881. It is true that this became one of the largest and 
most active sections of that association, gathering in annual 
meetings a hundred or more chemists. It is also true that 
certain local chemical societies were formed, but a national 
society was needed on the lines of the English or German o1 
French Societies. The social need for such a society for re- 
ceiving and entertaining distinguished guests was especially 
felt during the centennial year and so in 1876 the American 
Chemical Society was established in New York City. Though 
it failed to receive hearty support at first and the Jowrna/ ap- 
peared with discouraging irregularity aud a woeful paucity 
of pages, it grew surely and the need for it was increasingly 
felt. When the happy idea of local sections was evolved 
many of the difficulties arising from the vast territory covered 
by the Society disappeared and a rapid growth ensued which 


has placed us in the fore-front of national societies. Thy 
Journal of the Society in 1889 contained 158 pages. In 1904 


the total number of pages exceeded 2300, nearly 1700 of these 
being taken up with original articles. The number of mem- 
bers of the Society is rapidly nearing the 3000 mark. 

Besides the Journal of the Socvely and the American Chemi- 


cal Journal other specialized journals have arisen and worthily 
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represent American research. Among these may be mention- 
ed the Journal of Physical Chemistry, the Transactions of the 
Electro-Chemical Society, the Chemical Engineer and others. 
The government scientific departments at Washington have 
contributed largely to the sum total of American.research and 
a vast amount of investigation in agricultural chemistry has 
been done in the laboratories of the agricultural colleges and 
experiment stations established in every state. 

Some years ago it was humiliating to see how the work of 
American chemists was almost completely ignored by foreign 
investigators and writers. It isa source of pride to-day that 
we are pressing forward in every branch of pure and applied 
chemistry and hold a worthy place among those who are ad- 
ding to the world’s store of knowledge and extending the 
bounds of science. A distinguished European authority has 
lately testified to the growing strength of American research 
and the way in which this country is forging to the front. 
But the fact remains that in these hundred years and more 
America has produced no great chemist, no Lavoisier to de- 
velop a new chemistry, no Woéhler to break down old barriers 
and add a new realm to the science, no Liebig to revolution- 
ize the agriculture and industries of a world. 

In conclusion let me plead for the encouragement of research 
among American chemists. I sometimes fear that the im- 
mense industrial development of the country will call away 
our strongest and most promising chemists to fields in which 
the material rewards are greater. And yet forthe success of 
our chemical industries it is imperatively necessary that a 
large army of quiet workers should be busied in investigation, 
in the simple search after truth without a dream of the prac- 
tical utilization of the results obtained. These are the men 
who patiently and laboriously forge the chain, link by link, 
that leads to some of the greatest economic changes, often 
changing the industries of a whole nation. It is chiefly in 
the laboratories of our colleges and universities that these iu- 
vestigators must be found. There alone can the necessary 
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freedom of purpose, of view and of action be preserved. 
There alone is the truth all-important and the money value 
unconsidered. No truth is insignificant, no fact is too trifling 
to warrant observation and careful accounting. It was inthe 
laboratory of the University of Giessen that Liebig did his 
quiet work that made agriculture a science and made possible 
much of the comfort and luxury of the present day. It was 
Graebe and his discovery of synthetic alizarin in the labora- 
tory of the University of Berlin which revealed the value of 
the almost useless coal tar and laid the foundations of Ger- 
many’s great commercial growth. And many lesser cases 
might be cited. The governments of Europe vie with one 
another in fostering chemical research, Germany most wisely 
doing this in her universities. Weasa nation cannot long 
afford to be behind them in this matter. In the close com- 
petition of the near future we must depend upon these toilers 
of the laboratories for our supremacy in the world’s markets. 
But to my mind a far stronger plea for investigation lies in 
the inspiration which comes from such work, the broadening 
horizon and the fuller life. 

What are the conditions necessary for chemical research 
and can we meet these conditions in most or all of our edu- 
cational institutions? As the spirit of research seems to have 
developed with the increase in wealth of our larger institu- 
tions, many have come to regard research as a prerogative of 
these institutions and expensive equipment as a prerequisite 
to it. Theideaistotally false andcalculated to do much harm. 
It is accepted by many who hold positions in the smallest col- 
leges as an excuse for their quietly sinking into a dull round 
of routine and unproductive drudgery. I do not believe that 
any teacher of science can keep fresh and enthusiastic and 
have a touch of inspiration about him unless he keeps in 
touch with nature through personal investigation of her facts 
and laws. And unless a teacher has these qualities he is not 
worth his salt and should not have the opportunity for dull- 
ing the originality of others. It too often happens that our 
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young chemists, having completed their researches at some of 
the larger institutions, published their dissertations, won 
their doctorates and secured professorships in minor colleges 
stifle their consciences with the excuse that they lack equip- 
ment or leisure, give up all idea of original work, settle down 
to a humdrum teaching of text-books and limit their ambit- 
ion to drawing their meagre salaries and grumbling at their 
poor opportunities. 

Let me tell you that which is no secret but is open to every 
one who has studied the history of the science, neither fine 
laboratory nor costly outfit nor abundant leisure are essent- 
ials for the search after nature’s secrets. These are good and 
helpful things but the one essential is the earnest investigat- 
ing mind, enthusiastic, determined, and plucky in surmount- 
ing obstacles. A quiet corner, a little apparatus, some spare 
time snatched from a multitude of other duties, these will 
suffice to give any one the opportunity to show what is in 
him. If he fails to avail himself of it, it is a tacit confes- 
sion of his lack of energy, or originality, or pluck. He need 
not grumble at his meagre salary. He is getting more than 
he is worth. 

I do not mean to be unjust or harsh but when I think of 
the thousands of young men who year after year are subjected 
to deadening, uninspiring, humdrum teaching of science and 
are thus lost to the ranks of our workers, and of the possible 
brilliant, elect spirits among that number, I must cry out 
at the terrible waste. The field of knowledge is vast and 
growing vaster with the ever widening horizon. The harvest 
is plentiful and the call for laborers is ever more insistent. 
It is necessary to impress this great truth that the true teach- 
er must be a learner also, drawing constantly fresh inspiration 


from the fountain head. 
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THE CORAL SIDERASTREA RADIANS AND ITS 
POSTLARVAL DEVELOPMENT.* 


H. V. WILSON. 


The Coral Siderastrea Radians and its Postlarval Develop- 
ment. By J. E. Duerden. Washington, U.S. A. Pub- 
lished by the Carnegie Institution. December, 1904. Pp. 
130, with 11 plates. 

The handsome Carnegie memoir contains the record of an 
investigation begun at the Institute of Jamaica and subse- 
quently carried on at the Johns Hopkins University and the 
American Museum of Natural History in New York. The 
author’s prolonged residence in the West Indies gave him un- 
usual opportunities in the way of command over living mater- 
ial, and the memoir makes valuable additions to our knowledge 
on many points of coral morphology. 

An introduction deals with the systematic zoology and the 
habits of the species which is abundant and accessible in 
Kingston harbor. The form is obviously one of those con- 
venient hardy types destined to play a part in laboratory in- 
vestigations of histological and physiological character. 
Both the adult colony and the young polyp after metamopho- 
sis grow in confinement and may be hand-fed. There follows 
an ample description of the anatomy of the adult. The 
species, like other West Indian corals, is possibly protogy- 
nous, although Professor Duerden calls to mind that Gardiner 
has established the converse phenomenon, protandry for /A/a- 
belium. Duerden takes up the question as to the way in 
which the coral skeleton, as a product of cellular activity, is 


*Reprinted from Science, N. S., Vol. XXIII., No. 587, Pages 497-498, 
March 30, 1906. 
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produced. He confirms Miss Ogilvie’s observation that the 
corallum can be seen in favorable parts of the adult and 
young polyps to be composed of minute skeletal units of a 
polygonal shape and exhibiting a fibro-crystalline structure. 
But whereas Miss Ogilvie interpreted these bodies as actual 
cells which were produced through the proliferation of the 
ectoderm, becoming calcified as fast as produced, Duerden re- 
gards them as secretory products which are laid down wholly 
external to the ectodermal cells. In support of this view, 
essentially that advanced by von Koch, Duerden finds that 
the layer of estoderm concerned in the production of the 
skeleton is always a simple layer, and that, moreover, it is 
always separated from the corallum by a homogeneous meso- 
gloea-like stratum. It is in this stratum of homogeneous 
matrix that the author believes the calcareous crystals form- 
ing the skeleton are first deposited. 

A third section deals with the post-larval development. 
The larva, of the usual coral type, were obtained in July, and 
were kept under continuous observation for some months 
after attachment. Many valuable facts concerning the suc- 
cession of the tentacles, mesenteries and various parts of the 
corallum are recorded in this section. A feature of interest 
lies in the attention paid to individual polyps. The partial 
transparency of the young animal permits of instructive views 
during life, and thus in one and the same individual the cor- 
related development of the various organs could be followed 
from day today. A result of this method was that periods 
of rapid growth and relative rest could be distinguished. 
The author points out that a phylogenetic significance pos- 
sibly attaches to some of the more persistent stages, such as, 
for instance, that in which complete pairs of mesenteries 
(directives) are found at the two ends of the cesophagus, with 
two pairs, each consisting of a long (complete) mesentery 
and a short one. on each side of the oesophagus. This con- 
dition continued unchanged for a period varying from three 
weeks to three months. ‘The author’s theoretical views as to 
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the meaning of this particular stage are summed up as fol- 
lows: 

The long retention of freedom of the fifth and sixth pairs of protocnemes 
suggests to my mind an ancestry in which the mesenteries as a whole, 
including the metacnemes, were alternately long and short, excluding, of 
course, the axial directives. Among modern examples this is retained in 
the menesterial system of the zoanthids, Porifes, and Madrepora, and was 
perhaps characteristic of the Rugosa 

The building up of the corallum is followed out in detail 
through the formation of the third cycle of permanent septa. 
Among the illustrations of this part of the work special mention 
is due the microphotographs of macerated skeletons of devel- 
oping polyps, and the figuresof living polyps with the be- 
ginning skeleton zz sz/u. Much interest attaches to Professor 
Duerden’s account of the development of the septa. It has 
been hitherto assumed that the septa of a new cycle appear in 
the exocoeles (7. ¢., the space between two pairs of mesenter- 
ies), but are later embraced by the newly appearing pairs of 
mesenteries in such wise as to lie in the entocoeles(z. ¢., the 
space between the mesenteries of a pair). Thus the same 
septa would be first exoccelic and then entoccelic. In opposi- 
tion to this scheme Duerden’s observations lead him to the 
conclsion that while exosepta are formed in successive cycles, 
they never become entosepta. The cycles of entosepta are 
strictly new formations, appearing as do the primary six 
septa in entocoelic spaces. The succession of the cycles of 
exoccelic septa is maintained through the continued periphe- 
ral bifurcation of preexisting exoccelic septa. The bifurcated 
extremities become the (exoccelic) septa of a new cycle, while 
the main Septum is incorporated in the growing body of one 
of the last formed cycle of entosepta. Having respect only 
to the actual facts as observed in .Szderastrea, it has been 
found that any one of the permanent septa, later than the first 
six, has a double origin. It is in parta new formation (ento- 
coelic), and in part a preexisting formation (exoceelic). The 
two parts fuse, and the fusion is interpreted by Professor 
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Duerden as the incorporation by a growing organ of the rem- 
nant of a vanishing organ. In a developing corallum accord- 
ing to this view exosepta are formed at each stage of growth, 
only to disappear as the permanent septa, entosepta, come 
into existence. Thus the development of coral septa affords 
an excellent example of substitution: temporary organs pre- 
cede and are replaced by permanent organs performing the 
same function as the former. Asa corollary to this conclu- 
sion the author expresses his belief that the exoseptal prede- 
cessors of the permanent septa do not wholly disappear in all 
corals, as independent structures, but persist in some species 
in the shape of the Aa/? found in front of the larger septa. 
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THE SOURCE OF THE SUN’S HEAT.* 


JOHN F. LANNEAU. 


Doubtless the sun is now receiving more expert attention 
than any other single object in the material universe. 

The world’s telescopes daily confront it. At the Solar 
Observatory in Washington it is questioned almost hourly by 
Langley’s exquisitely sensitive bolometer—sensitive to the 
one-millionth part of a centigrade degree. At Williams Bay, 
with the Yerkes’ forty-inch telescope and Hale’s marvelous 
spectroheliograph, its entire disk is photographed day by day, 
giving a permanent record of changes in the spots and facu- 
lae of the photosphere, and of the slow or rapid mutations in 
both the quiescent and the eruptive prominences of the 
chromosphere. And on Mt. Wilson near Los Angeles, Cali- 
fornia, is a veritable Sunbeam Laboratory-—-the unique Solar 
Observatory of the Carnegie Institute. It is a long, low, 
multiple-walled, canvas structure. At one end a great clock- 
controlled heliostat steadily reflects sunbeams horizontally to 
the far end mirror which returns them to its distant focus, 
forming there.an exceptionally large, well defined image of 
the sun. This faithful image can be patiently scrutinized the 
day long, and its every detail permanently mapped by a five- 
foot spectroheliograph—the largest yet constructed. 


ESTABLISHED FACTS. 


Since Galileo’s embryo telescope, three centuries of persis- 
tent effort have built a secure scaffolding for intelligent 
approach to the distant sun—a scaffolding of established facts. 


*Address before the N. C. Academy of Science, May 18, 1906, by Presi- 
dent John F. Lanneau. 
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1. The sun’s parallax is now known to within two-hun- 
dredths of a second, its apparent diameter to within two sec- 
onds. ‘These measurements show that its diameter is 109% 
times the earth’s diameter; and that its distance from us is 
not quite ninety-three million miles. 

2. Since the volumes of globes compare as the cubes of 
their diameters, the sun is more than a million times larger 
than this earth. In mass or weight, however, it is only 
332,000 times greater. Its density, therefore, is only one- 
fourth of the earth’s—or not quite one and a half times the 
density of water. 

3. Gravity at the surface of a globe depends on its mass 
divided by the square of its radius. At the sun’s surface 
therefore, gravity is nearly 28 times greater than gravity at 
the earth’s surface. 

That is, if a common brick here weighs 7 pounds, on the 
sun it would weigh 200 pounds. A brick there would weigh 
as much as a barrel of flour here! 


LOOK AGAIN AT THESE FACTS. 


The sun’s size:—a vast globe mere than three-fourths of a 
million miles indiameter. From its centre to its surface is 
nearly twice the distance from the earth to the moon! 

The sun’s mass:—its immense volume, as shown later, is a 
seething body of commingling gases—a great globe of glow- 
ing gas! 

Expanding gas, growing larger and larger? Not at all. 
The expansive force lessens as the surface temperature is 
lowered by the cold of outer space; and it is checked also by 
the continuous inward pull of gravity. Ata certain distance 
from the center, therefore, the outward and inward forces 
just counterbalance, giving definite size and boundary to the 
vast solar globe of gas. 

‘‘Light as gas?” Yes. But increase quantity, and weight 
increases. Double, treble, multiply quantity; and weight is 
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doubled, trebled, multiplied. The sun-globe of gas weighs as 
much as a third of a million worlds like ours! 

The sun’s distance:—ninety-three million miles. Our best 
modern rifled artillery will throw a ball a half mile in one 
second. 

At that rate a cannon ball will go 30 miles a minute; in an 
hour, 1800 miles; in a day, over 40,000 miles; in a month, 
more than one and a quarter million miles. And keeping an 
undeviating course sun-ward with unslacked speed, the so 
swift cannon ball would not quite reach the sun in six years! 

At that unthinkable remoteness, we yet feel here its pant- 
ing July heat. There, yonder—beyond the swift missile’s 
six year flight—at the sun, on its hot surface, how hot? 


NATURE OF HEAT. 


Facts in regard to the sun’s heat have been reached slowly 
because of peculiar difficulties due to the nature of heat. It 
is not, as once held, the fourth form of elementary matter 
earth, water, air, fire—nor yet, the subtile matter, ‘‘caloric”, 
of a century ago. 

Indeed, though intimately associated with all forms of 
matter, heat itself is not matter. It is force—energy—the 
force or energy of the constituent particles of either solids, 
liquids, or gases when the particles are in rapid motion—in 
minute, invisible, intense vibration. 

Matter may be opaque or transparent. We perceive its 
heat by the sense of touch. Heat is recognized not visually, 
but palpably. It is felt. 

As the feeling of warmth is the effect of the intense, invis- 
ible activity of the constituent particles of matter, so that of 
coldness results from their inactivity—their stillness. 

Every hot body tends to coldness because its hedged-in 
multitudes of agitated particles, by the resistance of their 
recurring collisions, gradually settle towards rest. 

Meanwhile, the molecular vibrations, imparted to the adja- 
cent all prevading ether, are transmitted radially to distant 
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bodies, communicating vibratory motion to their particles. 
Thus a cold body may receive radiated heat from a distant 
hot body. 

Air waves bring us the musical vibrations of a distant bell, 
and its pleasing sounds are reproduced in our aural nerves. 
Ether waves bring us the vibrations of a distant hot body, 
and its heat is reproduced iu our tactile nerves. 

Usually heat is produced in either of two ways, mechani- 
cally or chemically. 

The heat of combustion in a wood or coal fire, or in a can- 
dle, is produced by the avidity of the oxygen particles of the 
air for the constituent particles of the fuel. Their clashings 
in chemical union maintain that atomic commotion which 
constitutes the heat of the fire or of the tandle flame—heat 
produced chemically. 

Hammer vigorously a cold anvil. Both anvil and hammer 
become hot. The checked energy of the descending hammer 
is reproduced in the invisible commotion of the iron’s particles. 
Energy of mass is transformed into energy of molecules, into 
heat—heat produced mechanically. 

Force, like matter, is indestructible. This is the gist of 
the broad physical law of the conservation of energy. If any 
force is seemingly annulled, Proteus-like it reappears in a new 
form—or, it is stored for future delivery. 

The mechanical power of Niagara’s water becomes in the 
shafts crowning dynamo electric power. And that electric 
power at Niagara becomes in distant Buffalo light energy, or 
heat energy, or again motive power. 

From yonder far off, hot sun comes radiated heat; from 
this, our tropic and temperate heat, our wind and water 
power, and plant and animal energy; indeed, all terrestrial 
activity —from the modest up-peep of tiniest grass-blade, to 
the proud coursing high over continents and seas of the com- 
ing air-ship ! ' 

AMOUNT OF SUN’S HEAT. 


The elder Herschel was the first to investigate the universe 
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of stars and nebulae. His illustrous son in 1838 took the 
first well directed step in the study of the sun’s heat. 

A sunbeam of a known section, imparting its heat to a 
definite weight of water, raising its temperature an observed 
number of degrees, in a certain length of time, gave the 
coveted, fundamental data. 

Namely, the amount of heat received on a square foot of 
surface in one minute—taking asa unit of heat, the heat 
which raises a pound of water one degree Fahrenheit. 

He found that the heat received at the earth from the sun 
in the zenith, is sufficient to melt an inch-thick layer of ice in 
2 hours and 13 minutes. 

That is, if aninch-thick shell of ice encompassed the sun, 
distant from its centre in all directions 93 million miles, that 
immense, remote ice shell would all be melted in 2 hours and 
13 minutes. 

With Young, our highest authority on solar facts, fancy 
such an inch-thick shell of ice kept intact and drawn inward 
toward the sun, all the while containing the same quantity of 
ice, becoming thicker as it lessens in size. When it touches 
the sun’s surface, its thickness will exceed one mile. 

That vast, solid glacier embracing the sun, at every point 
over one mile high, would all be melted by the the sun’s heat 
in 2 hours and 13 minutes. It would melt a layer about 40 
feet thick each minute ! 

All honor to Herschel’s conception and achievement. His 
method was perfect, but not his instruments. Better means 
now prove that the sun radiates from its entire surface in one 
minute enough heat to melt encasing ice 64 feet thick ! 


TEMPERATURE OF THE SUN. 


Within experimental limits Stephan’s thermal law holds; 
namely, that the rate of heat radiation is as the fourth power 
of the absolute temperature. Assuming it to hold univers- 
ally, this law and the known rate of sun’s radiation—500,000 
units of heat per miuute from each square foot of solar sur- 
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face—give as the sun’s surface temperature 12000° F.; about 
sixty times the temperature of boiling water! 

With much more certainty a lower limit to the sun’s sur- 
face temperature has been found experimentally. 

Scheiner by ingenious use of the spectroscope, comparing 
lines of the solar spectrum with certain lines of magnesium, 
proved that the photosphere is hotter than the electric arc— 
that is, that its temperature is certainly above 7000° F. 

So also, the heat at the focus of a powerful lens has fur- 
nished a lower limit in a very realistic way. 

The sun's rays received on a lens or burning-glass are con- 
verged to its focus, producing at that point a high tempera- 
ture. A point out in space to which the sun’s rays naturally 
converge at an angle equal to the focusing angle of the lens, 
may be termed the space-point of equal temperature. Its dis- 
tance from the sun is easily found. For the ratio of that dis- 
tance to the focal length of the lens, is the known ratio of the 
sun’s diameter to the lens’.diameter. 

At the focus of the largest lens yet constructed the high 
temperature produced instantly melted and vaporized the 
most refractory materials—platinum, fire-clay, carbon — 
everything tested. 

And its space-point of equal temperature is about 250,000 
miles from the sun’s surface—a little further from tke sun 
than the moon is from us. 

If then our solid earth were placed at that distance from 
the sun—a quarter of a million miles—it would quickly melt 
—vaporize—vanish! 

That certainly is the temperature at one-fourth of a million 
miles from the sun. Still higher is it at the sun’s surface— 
aud inconceivably higher, the internal temperature. 


SOURCE OF THE HEAT. 


How does the sun produce its enormous output of heat, and 
maintain its inconceivably high temperature? 
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Of four theories to be considered—if the newest suggestion 
can be called a theory—only one is perfectly satisfactory. 


1. THE COOLING THEORY. 


It is certain that the sun is not simply an intensely hot 
body slowly cooling. For in that case, its materially lowered 
temperature after thousands of years of human history would 
have caused decided climatic changes. But we know the 
vine, the olive and the palm are fruitful now just where they 
flourished in the days of classic writers. 


2. THE COMBUSTION THEORY. 


It is equally certain that the sun is not simply burning up— 
that its heat does not result from ordinary combustion. 

As estimated by Young, its continuous great yield of heat 
could be produced by the consumption every hour of a layer 
of coal all over the sun’s surface nineteen feet deep. That is, 
by burning one ton of coal hourly on each square foot of the 
sun’s surface. 

Lord Kelvin computes that were its vast mass solid coal 
environed by pure oxygen, and yielding its heat by combus- 
. tion, it would be utterly consumed in five thousand years. It 
would, then, have dwindled more than one-third since Ptole- 
my’s day. Yet, in the nearly two thousand years elapsed, it 
has certainly not diminished appreciably. 


3. THE RADIUM THEORY. 


Though not produced by combustion, the sun’s heat is now 
surmised by some to be due largely if not entirely to radium 
—that most remarkable of knuwn substances, discovered less 
than cight years ago by Mme. Curie. 

Proofs of its properties are ably presented in Rutherford’s 
‘*Radio-Activity”. It is not only self-luminous, but is also 
self-heating, giving out every hour enough heat to melt more 
than its own weight—of ice—a fourth more. 
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It seems to be a very rare element. Tons of pitchblende 
yield only a few grains of radium. 

But as radium evolves helium, and helium is known to be a 
chief component of the sun’s chromosphere, it is suggested 
that the sun contains much radium. 

Recall that the sun radiates from its entire surface in one 
minute enough heat to melt encasing ice 64 feet thick. With 
this measure of the sun’s heat, and radium’s heat emission 
per minute—melting one forty-eighth of its own weight of 
ice—as data, we readily find that the sun’s heat equals the 
heat emitted by a mass of pure radium weighing nearly as 
much as the whole earth weighs. That much of this rare 
and peculiar element in the sun—our world’s weight of rad- 
ium—would yield its known output of heat. 

The surmize that such a quantity of radium is there, 
rather segregates the sun from common matter. 

Moreover, the properties of radium are none too well 
known. 

At present, therefore, attributing the sun’s heat to radium, 
is simply an interesting speculation. 


4. THE MECHANICAL THEORY. 


There remains for consideration the mechanical origin of 
solar heat—that is, the conversion of force, or the energy of 
moving matter, into heat energy. 

There can be no doubt that many millions of meteoric bod- 
ies are hourly falling into the sun. We know that something 
like twenty million so-called shooting stars plunge into our 
atmosphere daily. Their checked energy of motion reappears 
in the air as light and heat. 

But the heat thus imparted to our earth in a year has been 
shown to be less than we receive from the sun in one second! 

Incomparably more of these meteoric bodies must plunge 
into the solar atmosphere contributing, however, compara- 
tively little to the sun’s heat. For while interplanetary 
space, at least as far out as the earth’s orbit, is threaded by 
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countless meteoroids, if sufficiently numerous to produce by 
impact on the sun a large part of its heat, the outlying mul- 
titudes would affect perceptibly not only the periodic comets 
but also the planet Mercury. And no such effects have 
developed. 

Helmholtz’s theory of the mechanical origin of solar heat 
—his contraction theory announced in 1853—fully accounts 
for the sun’s heat. 

Recall that the inward pull of gravity at the sun’s surface 
is nearly twenty-eight times gravity at the earth’s surface. 
Abundant evidence furnished by the spectroscope, and the 
sun’s known low density—not much greater than that ol 
water— force the conclusion that the sun is a vast sphere of 
commingling gases, including the vapor of most, if not all, of 
the terrestrial elements. 

As the sun contracts by its own powerful gravitation, the 
potential energy lost by gradual inward motion is replaced by 
equivalent heat energy. Every particle in the whole stupen- 
dous mass moving inward, contributes to the sun’s inconceiv- 
able aggregate of heat. Helmholtz computed that an annual 
contraction of 200 feet in the sun’s diameter is sufficient to 
produce the heat it radiates. More accurate recent measure- 
ments of the amount of heat radiated, indicate a greater con- 
traction-—a lessening of the sun’s diameter by 300 feet 
annually. 

This, even, is so slight a change in that diameter of near a 
million miles that in seven thousand years it will not appreci- 
ably alter the sun’s apparent breadth. Our present most 
exact heliometers could not then detect the change—a change 
in the sun’s angular breadth in seven thousand years of less 
than a single second! 

But as the sun is a gaseous mass, its expanding force just 
counterbalanced by its gravitating force, it can contract only 
as its expanding force lessens by loss of heat readiated. 

Will it not then cool as it contracts? Not necessarily. 
For Lane’s law, discovered about 1870, asserts the paradox 
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that a globe of gas contracts by its own gravity and grows 
hotter, as necessary results of losing the heat radiated. 

To illustrate: Let v = volume of a globe of gas; p = its 
surface gravity, or pressure; and t = its absolute tempera- 
ture. When from loss of heat by radiation its radius con- 
tracts one-half, let v’, p’, t’ represent respectively its changed 
volume, pressure, and temperature. 

Since volumes compare as their radii cubed, and surfaces as 
the radii squared, vw’ will = %v; and the surface of v’ will = 
4 the surface of v. 

Since surface gravity increases as the square of the radius 
diminishes, the inward pull or pressure on the surface of v’ 
will = 4 times what it was on the surface of v; and as just 
shown, the surface of v’ is only one-fourth that of v. There- 
fore, as a 4 times greater force will be exerted on a 4 times 
smaller surface, on a unit of surface the force or pressure on 
v’ is 16 times the former pressure on v. That is,.p’ = lop. 

As is well known for a gas the product of its volume and 
pressure changes as its temperature changes. 


Hence, ap + Wa +34 2 %, 
or, vVEaep : wu tip ss: t 2 €, 
or, 22 Se ies 
or, t’ = 2t. 


Thus, when contracted to half its radius the globe of gas is 
twice as hot as at the outset. In general, as it radiates heat 
it contracts, and as it contracts it grows hotter. 

If, then, our sun is truly gaseous from centre to surface, 
notwithstanding its vast output of heat it must, by contrac- 
tion, continually grow hotter. 

If, however, as is likely, the photosphere of incandescent 
clouds of carbon droplets and the central density have made 
it partly viscous, or partly liquid, or even semi-fluid, then the 
heat produced by contraction may just equal that lost by rad- 
iation. 
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In this case the sun’s temperature will be constant—as prob- 
ably it has been during the historic past. 

With increased condensation, the heat of contraction will 
fail to replace that lost by radiation, and the sun’s tempera- 
ture will lower more and more until it becomes cold, solid, 
dark! 

When by contraction its present diameter is reduced one- 
half, its density will be increased eight-fold. It may then be 
non-gaseous, and will doubtless be cooling. Contracting 
still, cooling more, radiating less and less heat, it must , 
finally fail to support any of the present forms of terrestrial 
life—the world we know will be dead! 

It is somewhat comforting to learn from Newcomb and 
from other eminent authorities, that this sad failure of our 
now glorious Day-Star, when its generous heat and light 
shall be quenched—our world’s night of death—is probably 
distant in the future some ten million years! 














